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&XUUHQWOLPLWLQJ 'URRS &RQWURO ZLWK 9LUWXDO ,QHUWLD
DQG 6HOI6\QFKURQL]DWLRQ 3URSHUWLHV
$OH[DQGURV * 3DVSDWLV DQG *HRUJH & .RQVWDQWRSRXORV
'HSW RI $XWRPDWLF &RQWURO DQG 6\VWHPV (QJLQHHULQJ
7KH 8QLYHUVLW\ RI 6KHI¿HOG
6KHI¿HOG 6 -' 8.
(PDLO ^DSDVSDWLV JNRQVWDQWRSRXORV`#VKHI¿HOGDFXN
$EVWUDFW²,Q WKLV SDSHU D FXUUHQWOLPLWLQJ GURRS FRQWURO RI
JULGWLHG LQYHUWHUV WKDW LQWURGXFHV YLUWXDO LQHUWLD DQG RSHUDWHV
ZLWKRXW D SKDVH ORFNHG ORRS XQLW LV SURSRVHG 7KH SURSRVHG
FRQWUROOHU LQKHULWV D VHOIV\QFKURQL]DWLRQ IXQFWLRQ DQG FDQ JXDU
DQWHH WLJKW ERXQGV IRU WKH LQYHUWHU IUHTXHQF\ ,Q DGGLWLRQ
XVLQJ QRQOLQHDU /\DSXQRY WKHRU\ LW LV DQDO\WLFDOO\ SURYHQ WKDW
WKH LQYHUWHU FXUUHQW QHYHU YLRODWHV D JLYHQ PD[LPXP YDOXH
&RPSDUHG WR WKH RULJLQDO FXUUHQWOLPLWLQJ GURRS FRQWUROOHU WKH
PD[LPXP FDSDFLW\ RI WKH LQYHUWHU LV XWLOL]HG DW DOO WLPHV XVLQJ WKH
SURSRVHG VWUDWHJ\ HYHQ XQGHU JULG IDXOWV ,W LV DOVR SURYHQ WKDW WKH
SURSRVHG FRQWUROOHU VLJQL¿FDQWO\ UHGXFHV WKH UHVRQDQFH SUREOHP
RI WKH /&/ ¿OWHU ([WHQGHG VLPXODWLRQ UHVXOWV DUH SUHVHQWHG WR
YHULI\ WKH SHUIRUPDQFH RI WKH SURSRVHG FRQWUROOHU XQGHU QRUPDO
DQG IDXOW\ JULG FRQGLWLRQV
, ,1752'8&7,21
7KH LQFUHDVHG SHQHWUDWLRQ RI GLVWULEXWHG HQHUJ\ UHVRXUFHV
'(5V LQ WKH PDLQ SRZHU JULG RU LQWR VPDOOHU SRZHU QHWZRUNV
LH PLFURJULGV KDV UDLVHG FRQFHUQV ZLWK UHJDUG WR SRZHU
V\VWHP VWDELOLW\ UHOLDELOLW\ DQG SURWHFWLRQ >@ 7R WKLV HQG
D YDULHW\ RI FRQWURO PHWKRGV KDYH EHHQ DSSOLHG LQ RUGHU WR
VXSSRUW WKH UHVLOLHQFH RI SRZHU V\VWHPV GRPLQDWHG E\ '(5V
ZLWK PRVW FRPPRQO\ XVHG WHFKQLTXHV EHLQJ WKH 34 VHW FRQWURO
,9 FRQWURO GURRS FRQWURO DQG VHFRQGDU\ FRQWURO PHWKRGV >@
'URRS FRQWURO LV D ZLGHO\ XVHG WHFKQLTXH IRU LQYHUWHU
LQWHUIDFHG '(5V ,Q SDUWLFXODU E\ IDPLOLDUL]LQJ WKH '(5V
FRQWURO V\VWHP ZLWK WKH FRQYHQWLRQDO WHFKQLTXHV XVHG IRU
V\QFKURQRXV JHQHUDWRUV WKH FRQWURO V\VWHP FDQ DGMXVW WKH
YROWDJH DQG WKH IUHTXHQF\ DW WKH FRQQHFWLRQ SRLQW DFFRUGLQJ
WR ORDG FKDQJHV IDXOWV GLVWXUEDQFHV RU VWUXFWXUDO FKDQJHV WKDW
PD\ RFFXU LQ WKH SRZHU JULG >@ >@ >@ +RZHYHU RSSRVHG
WR FRQYHQWLRQDO V\QFKURQRXV JHQHUDWRUV GURRSFRQWUROOHG LQ
YHUWHUV GR QRW LQWURGXFH LQHUWLD OHDGLQJ WR LQFUHDVHG IUHTXHQF\
ÀXFWXDWLRQV 9LUWXDO LQHUWLD FDQ EH LQWURGXFHG YLD WKH FRQWURO
GHVLJQ DQG ZKHQ FRPELQHG ZLWK GURRS FRQWURO LW FDQ PLPLF
WKH WUDQVLHQW UHVSRQVH RI D V\QFKURQRXV JHQHUDWRU >@ VXFK
DV WKH FDVH RI WKH YLUWXDO V\QFKURQRXV JHQHUDWRU 96* >@
>@ WKH YLUWXDO V\QFKURQRXV PDFKLQH 9,60$ >@ DQG WKH
V\QFKURQYHUWHU >@ $ FRPSDULVRQ EHWZHHQ 96* DQG GURRS
FRQWURO FDQ EH IRXQG LQ >@
)XUWKHUPRUH DV LW KDV EHHQ SRLQWHG RXW LQ >@ WKHUH LV
D UHVHPEODQFH EHWZHHQ WKH VWUXFWXUH RI WKH GURRS FRQWURO DQG
WKH SKDVHORFNHGORRS 3// ZKLFK KDV EHHQ EHOLHYHG WR EH DQ
LQGLVSHQVDEOH GHYLFH IRU LQYHUWHUV WR V\QFKURQL]H ZLWK WKH JULG
7KLV KDV PRWLYDWHG UHVHDUFKHUV WR GHVLJQ VHOIV\QFKURQL]DWLRQ
PHWKRGV DV SDUW RI WKH FRQWUROOHU RI LQYHUWHULQWHUIDFHG '(5V
>@ >@ >@ 7KH PDLQ UHDVRQV IRU UHPRYLQJ WKH 3// LV
WKDW 3//V DUH LQKHUHQWO\ QRQOLQHDU DQG WKH\ FDQ GHJUDGH WKH
UHVSRQVH WLPH DQG DFFXUDF\ RI WKH SUHV\QFKURQL]DWLRQ SURFHVV
>@ ,Q DGGLWLRQ LQ >@ LW LV VKRZQ WKDW XQGHU ODUJH JULG
LPSHGDQFHV WKH FRQWURO V\VWHP FDQ EH GULYHQ WR LQVWDELOLW\
GXH WR WKH LQWHUDFWLRQ EHWZHHQ WKH 3// DQG WKH FXUUHQW FRQ
WUROOHU +HQFH FRQWURO PHWKRGV VXFK DV WKH VHOIV\QFKURQL]HG
V\QFKURQYHUWHU KDYH EHHQ VXFFHVVIXOO\ LPSOHPHQWHG LQ JULG
WLHG LQYHUWHUV WR LQFUHDVH V\VWHP UHOLDELOLW\ >@
$OWKRXJK GURRS FRQWUROOHG LQYHUWHUV ZLWK RU ZLWKRXW VHOI
V\QFKURQL]DWLRQ FDQ VXSSRUW WKH JULG YROWDJH DQG IUHTXHQF\
UHJXODWLRQ XQGHU QRUPDO JULG FRQGLWLRQV LQ WKH FDVH RI JULG
IDXOWV WKH LQYHUWHU FXUUHQW LQFUHDVHV DQG GURRS FRQWURO LV
FKDQJHG WR D GLIIHUHQW FXUUHQWOLPLWLQJ FRQWURO VWUDWHJ\ >@
,Q SUDFWLFH WKH FXUUHQWV LQMHFWHG WR WKH JULG VKRXOG QRW H[FHHG
VSHFL¿F OLPLWV GH¿QHG E\ WKH FRQYHUWHU DQG JULG FKDUDFWHULV
WLFV >@ 6LQFH WKH XVH RI FXUUHQW VDWXUDWLRQ DQG VZLWFKLQJ
EHWZHHQ GURRS FRQWURO DQG FXUUHQWOLPLWLQJ FRQWURO FDQ OHDG
WR LQWHJUDWRU ZLQGXS DQG LQVWDELOLW\ >@ D GURRS FRQWUROOHU
ZLWK LQKHUHQW FXUUHQWOLPLWLQJ FDSDELOLW\ KDV EHHQ SURSRVHG LQ
>@ WR RYHUFRPH WKHVH LVVXHV +RZHYHU WKLV FXUUHQWOLPLWLQJ
GURRS &/' FRQWUROOHU FDQQRW XWLOL]H WKH PD[LPXP FDSDFLW\
RI WKH LQYHUWHU GXULQJ JULG IDXOWV VLQFH WKH FXUUHQW LV OLPLWHG WR
D ORZHU YDOXH GHSHQGLQJ RQ WKH YROWDJH VDJ )XUWKHUPRUH WKH
&/' GRHV QRW LQWURGXFH DQ\ LQHUWLD DQG LW UHTXLUHV D 3// IRU
LWV LPSOHPHQWDWLRQ ZKLFK DV PHQWLRQHG DERYH GHFUHDVHV WKH
V\VWHP UHOLDELOLW\
,Q WKLV SDSHU D QRYHO HQKDQFHG YHUVLRQ RI WKH &/' FRQ
WUROOHU IRU JULGWLHG LQYHUWHUV LV SURSRVHG WKDW L JXDUDQWHHV D
FXUUHQW OLPLWDWLRQ EHORZ D PD[LPXP YDOXH DW DOO WLPHV HYHQ
GXULQJ IDXOWV E\ IXOO\ XWLOL]LQJ WKH FDSDFLW\ RI WKH LQYHUWHU LL
LQWURGXFHV D YLUWXDO LQHUWLD WR WKH V\VWHP DQG LLL LQKHULWV D VHOI
V\QFKURQL]DWLRQ SURSHUW\ ZLWKRXW WKH QHHG RI D 3// 0RWLYDWHG
E\ WKH UHFHQWO\ GHYHORSHG VHOIV\QFKURQL]DWLRQ PHWKRGV WKLV
QHZ &/' VWUXFWXUH FDQ UHPRYH WKH 3// DQG RIIHU D VLPSOH
WUDQVLWLRQ EHWZHHQ GURRS FRQWURO PRGH DQG DFFXUDWH UHDO DQG
UHDFWLYH SRZHU UHJXODWLRQ PRGH $GGLWLRQDOO\ WKH SURSRVHG
VWUXFWXUH LQKHULWV WKH ERXQGHG LQWHJUDO FRQWUROOHU >@ LQ RUGHU
WR JXDUDQWHH WLJKW ERXQGV IRU WKH LQYHUWHU IUHTXHQF\ DV UHTXLUHG
E\ WKH *ULG &RGH )XUWKHUPRUH EDVHG RQ QRQOLQHDU LQSXW
WRVWDWH VWDELOLW\ WKHRU\ WKH FXUUHQWOLPLWLQJ SURSHUW\ RI WKH
SURSRVHG FRQWUROOHU LV PDWKHPDWLFDOO\ SURYHQ WR EH VXVWDLQHG
DW DOO WLPHV )LQDOO\ WKH HIIHFW RI WKH RXWSXW ¿OWHU WR WKH
FORVHG ORRS V\VWHP LV DOVR LQYHVWLJDWHG ([WHQGHG VLPXODWLRQ
UHVXOWV RI D VLQJOHSKDVH JULGWLHG LQYHUWHU XQGHU ERWK QRUPDO
JULG DQG JULG YROWDJH VDJV DUH SUHVHQWHG WR YDOLGDWH WKH GHVLUHG
SHUIRUPDQFH RI WKH SURSRVHG FRQWURO VWUDWHJ\
7KH SDSHU LV RUJDQL]HG DV IROORZV ,Q 6HFWLRQ ,, WKH UHVHDUFK
SUREOHP LV VWDWHG ,Q 6HFWLRQ ,,, WKH SURSRVHG FRQWURO VWUDWHJ\
LV SUHVHQWHG DQG DQDO\]HG DQG WKH FXUUHQWOLPLWLQJ SURSHUW\
LV DQDO\WLFDOO\ SURYHQ ,Q 6HFWLRQ ,9 WKH HIIHFW WKDW WKH /&/
RXWSXW ¿OWHU KDV WR WKH FORVHG ORRS V\VWHP LV LQYHVWLJDWHG DQG
LQ 6HFWLRQ 9 SUDFWLFDO LPSOHPHQWDWLRQ LVVXHV DUH GLVFXVVHG
,Q 6HFWLRQ 9, VLPXODWLRQ UHVXOWV DUH SUHVHQWHG DQG LQ 6HFWLRQ












)LJXUH  7KH LQYHUWHU FRQQHFWHG WR WKH JULG YLD DQ /&/ ¿OWHU
&RQVLGHU WKH V\VWHP RI DQ LQYHUWHU ZLWK DQ /&/ ¿OWHU
FRQQHFWHG WR WKH JULG DV GHSLFWHG LQ )LJ  7KH G\QDPLF
HTXDWLRQV RI WKLV V\VWHP FDQ EH REWDLQHG DV

7KH ¿OWHU DQG JULG LQGXFWDQFHV DUH GHQRWHG DV DQG LQ
VHULHV ZLWK WKH VPDOO SDUDVLWLF UHVLVWDQFHV DQG  UHVSHFWLYHO\
ZKLOH WKH ¿OWHU FDSDFLWDQFH LV & ZLWK D ODUJH SDUDVLWLF UHVLVWDQFH
LQ SDUDOOHO 7KH RXWSXW YROWDJH DQG FXUUHQW RI WKH LQYHUWHU
DUH DQG  UHVSHFWLYHO\ WKH JULG YROWDJH LV DQG WKH FRQWURO
LQSXW LV UHSUHVHQWHG E\ WKH LQYHUWHU YROWDJH 
'URRS FRQWURO LV WKH PRVW FRPPRQO\ XVHG FRQWURO WHFKQLTXH
IRU LQYHUWHUV WR VXSSRUW WKH JULG YROWDJH DQG IUHTXHQF\ UHJXOD
WLRQ 7KH WUDGLWLRQDO GURRS FRQWURO HTXDWLRQV DUH
ZKHUH LV WKH LQYHUWHU DQJXODU IUHTXHQF\ LV WKH 506
LQYHUWHU YROWDJH LV WKH QRPLQDO DQJXODU IUHTXHQF\ LV WKH
QRPLQDO RXWSXW YROWDJH DUH WKH RXWSXW UHDO DQG UHDFWLYH
SRZHU YDOXHV DQG FRUUHVSRQG WR WKH UHIHUHQFH SRZHU
YDOXHV )LQDOO\ DQG DUH WKH GURRS FRHI¿FLHQWV
'HSHQGLQJ RQ WKH DSSOLFDWLRQ RU WKH GHVLUHG RSHUDWLRQ RI
WKH FRQWURO V\VWHP VHYHUDO PRGL¿FDWLRQV KDYH EHHQ SURSRVHG
WR WKH FRQYHQWLRQDO GURRS FRQWURO VFKHPH $ ORW RI WKHVH ZRUNV
HPSKDVL]H RQ WKH RXWSXW LPSHGDQFH RI WKH LQYHUWHU DQG FDQ EH
PRGL¿HG XVLQJ YLUWXDO LPSHGDQFH PHWKRGV ,Q WKHVH FDVHV WKH
GURRS HTXDWLRQV DUH PRGL¿HG WR DQG  ZKHQ
WKH LPSHGDQFH LV UHVLVWLYH RU DQG  ZKHQ WKH
LPSHGDQFH LV FDSDFLWLYH >@ >@ >@ 7KH XQLYHUVDO GURRS
FRQWUROOHU >@ ZKLFK GRHV QRW GHSHQG RQ WKH W\SH RI RXWSXW
LPSHGDQFH WDNH WKH IRUP


DQG ZLOO EH DGRSWHG LQ WKLV SDSHU 1RWH WKDW LV D SRVLWLYH
JDLQ DQG LV WKH 506 RXWSXW YROWDJH
7KH GURRS FRQWURO VWUXFWXUH  KDV EHHQ XVHG LQ WKH
&/' >@ LQ RUGHU WR VXSSRUW WKH JULG DQG DGGLWLRQDOO\ OLPLW
WKH LQYHUWHU FXUUHQW LQ WKH FDVHV RI JULG IDXOWV +RZHYHU D
GUDZEDFN RI WKH &/' LV WKDW WKH FXUUHQW LV OLPLWHG WR D ORZHU
YDOXH WKDW GHSHQGV RQ WKH JULG YROWDJH VDJ WKXV QRW IXOO\
XWLOL]LQJ WKH FDSDFLW\ RI WKH LQYHUWHU $GGLWLRQDOO\ LW UHTXLUHV D
3// IRU WKH LPSOHPHQWDWLRQ DQG GRHV QRW LQWURGXFH DQ\ LQHUWLD
WR WKH V\VWHP $ FRQWURO PHWKRG WKDW RYHUFRPHV DOO RI WKHVH
LVVXHV LV SURSRVHG LQ WKH VHTXHO
,,, 0(7+2'2/2*<
$ 7KH SURSRVHG FRQWUROOHU
,Q )LJ  WKH SURSRVHG VHOIV\QFKURQL]HG FXUUHQWOLPLWLQJ
GURRS FRQWUROOHU IRU WKH JULGFRQQHFWHG LQYHUWHU VKRZQ LQ )LJ
 LV EHLQJ GLVSOD\HG 7KH SURSRVHG FRQWUROOHU KDV WKH DELOLW\
WR XWLOL]H WKH PD[LPXP FDSDFLW\ RI WKH LQYHUWHU DQG WDNHV WKH
IRUP

ZKHUH DQG UHSUHVHQWV D G\QDPLF YLUWXDO UHVLVWDQFH





+HUH DUH SRVLWLYH FRQVWDQWV ZLWK

7KH G\QDPLFV LQWURGXFH WKH GURRS IXQFWLRQ
DQG VLPLODU WR WKH DQDO\VLV RI WKH RULJLQDO &/' LQ >@
IRU LQLWLDO FRQGLWLRQV DQG  WKHUH LV
DQG
IRU DOO 
)RU WKH FDOFXODWLRQ RI WKH SKDVH LQ  DQG FRQVHTXHQWO\
WKH IUHTXHQF\  D VHOIV\QFKURQL]DWLRQ PHFKDQLVP LV DGRSWHG
XVLQJ D 3, FRQWUROOHU DV VKRZQ LQ )LJ  PRWLYDWHG E\ WKH
VHOIV\QFKURQL]HG V\QFKURQYHUWHU >@ +RZHYHU VLQFH WKH IUH
TXHQF\ LV UHTXLUHG WR UHPDLQ LQ D ERXQGHG UDQJH HJ






































)LJXUH  7KH SURSRVHG FRQWUROOHU
%,& RI >@ LV XVHG WR UHSODFH WKH WUDGLWLRQDO LQWHJUDWRU LQ
WKH IUHTXHQF\ G\QDPLFV 6LQFH WKH %,& JXDUDQWHHV D ERXQG IRU
WKH IUHTXHQF\ ZLWKRXW DQ\ VDWXUDWLRQ XQLWV LW SUHYHQWV ZLQG XS
SKHQRPHQD DQG LQVWDELOLW\ LQ WKH IUHTXHQF\ G\QDPLFV 7KXV




ZKHUH UHVXOWV IURP WKH LQYHUVH /DSODFH WUDQVIRUPDWLRQ RI
ZLWK
ZKHQ LV FORVHG 3DUDPHWHU LV D SRVLWLYH FRQVWDQW DQG
UHSUHVHQW WKH SURSRUWLRQDO DQG LQWHJUDO JDLQ RI WKH
3, FRQWUROOHU $GGLWLRQDOO\ LV WKH PD[LPXP DFFHSWDEOH
IUHTXHQF\ GHULYDWLRQ IURP WKH QRPLQDO YDOXH )RU H[DPSOH IRU
D QRPLQDO IUHTXHQF\ RI  +] ZLWK PD[LPXP GHYLDWLRQ 
+] WKHUH LV UDGV DQG UDGV
$ VLJQL¿FDQW GLIIHUHQFH WKDW GLVWLQJXLVKHV WKH SURSRVHG FRQ
WUROOHU ZLWK WKH RULJLQDO &/' >@ LV WKH VHOIV\QFKURQL]DWLRQ
SURSHUW\ LQ WKH IUHTXHQF\ G\QDPLFV IRU WKH FDOFXODWLRQ RI WKH
SKDVH  RSSRVHG WR WKH RULJLQDO &/' ZKLFK XVHG D WUDGLWLRQDO
3// $ VHFRQG NH\ GLIIHUHQFH LV WKH XVH RI WKH QRPLQDO YROWDJH
LQ  LQVWHDG RI WKH JULG YROWDJH  7KH RULJLQDO &/' IDLOV
WR XWLOL]H WKH PD[LPXP FDSDFLW\ RI WKH LQYHUWHU XQGHU IDXOWV LH
WKH LQYHUWHU FXUUHQW LV OLPLWHG WR D ORZHU YDOXH GHSHQGLQJ RQ WKH
JULG YROWDJH GURS ZKLFK LV D VLJQL¿FDQW GLVDGYDQWDJH LQ JULG
FRQQHFWHG XQLWV WR VXSSRUW WKH JULG XQGHU IDXOW\ FRQGLWLRQV 7KH
GLIIHUHQFH LQ WKH VWUXFWXUH RI  HQDEOHV WKH FXUUHQWOLPLWLQJ
SURSHUW\ ZLWK PD[LPXP FDSDFLW\ XWLOL]DWLRQ DV VKRZQ EHORZ
% &XUUHQWOLPLWLQJ SURSHUW\
%\ DSSO\LQJ WKH SURSRVHG FRQWUROOHU  LQWR WKH JULGWLHG
LQYHUWHU G\QDPLFV  WKH G\QDPLFV RI WKH LQYHUWHU FXUUHQW WDNH
WKH IRUP

)ROORZLQJ WKH DQDO\VLV RI WKH RULJLQDO &/' G\QDPLFV IRU DQG
 LW KROGV WUXH IRU GHWDLOV VHH >@ WKDW
 ZKHUH   DQG
IRU DOO  )RU V\VWHP  OHW XV FRQVLGHU WKH
/\DSXQRY IXQFWLRQ FDQGLGDWH

ZKLFK DFWXDOO\ UHSUHVHQWV WKH HQHUJ\ VWRUHG LQ WKH LQGXFWRU 
7KHUHIRUH WKH WLPH GHULYDWLYH RI EHFRPHV
7KLV VKRZV WKDW ZKHQ 
SURYLQJ WKDW  LV LQSXWWRVWDWH VWDEOH ,66 DVVXPLQJ DV
LQSXW WKH H[SUHVVLRQ  6LQFH WKLV H[SUHVVLRQ
LV ERXQGHG WKHQ WKH LQYHUWHU FXUUHQW LV ERXQGHG IRU DOO 
$FFRUGLQJ WR WKH ,66 SURSHUW\ LW KROGV WUXH WKDW
LI LQLWLDOO\ VDWLV¿HV WKH SUHYLRXV LQHTXDOLW\ 6LQFH LV
RQH RI WKH FRQWUROOHU SDUDPHWHUV   E\
VHOHFWLQJ

ZKHUH LV WKH PD[LPXP DOORZHG 506 YDOXH RI WKH LQYHUWHU
FXUUHQW WKHQ

VLQFH DQG 7KH SUHYLRXV LQHTXDOLW\
KROGV IRU DQ\ DQG IRU DQ\ FRQVWDQW SRVLWLYH  $V D
UHVXOW

ZKHUH LV WKH 506 YDOXH RI WKH LQYHUWHU FXUUHQW VKRZLQJ
WKDW WKH SURSRVHG FRQWUROOHU PDLQWDLQV WKH FXUUHQWOLPLWLQJ
SURSHUW\ EHORZ D JLYHQ YDOXH  6LQFH WKH FORVHGORRS
FXUUHQW HTXDWLRQ  GRHV QRW GHSHQG RQ WKH JULG YROWDJH 
WKHQ WKH FXUUHQWOLPLWLQJ SURSHUW\ KROGV LQGHSHQGHQWO\ IURP




















)LJXUH  %RGH GLDJUDP RI IRU
,9 ())(&7 2) 7+( /&/ ),/7(5 72 7+( &/26('/223
6<67(0
/&/ ¿OWHUV DUH ZLGHO\ XVHG LQ LQYHUWHULQWHUIDFHG VRXUFHV
GXH WR WKHLU DELOLW\ WR UHGXFH WKH KDUPRQLF FRQWHQW UHVXOWLQJ
IURP WKH SXOVH ZLGWK PRGXODWLRQ +RZHYHU WKH PDLQ GUDZEDFN
RI WKHVH WRSRORJLHV LV WKH KLJK JDLQ WKDW WKH\ LQWURGXFH DW
WKH UHVRQDQFH IUHTXHQF\ >@ 'HSHQGLQJ RQ WKH FRQWUROOHU
VWUXFWXUH DQG G\QDPLFV WKH FORVHGORRS V\VWHP PD\ EHFRPH
XQVWDEOH GXH WR WKLV UHVRQDQFH LVVXH ,Q RUGHU WR UHDOL]H WKH
HIIHFW RI WKH /&/ WR WKH FORVHGORRS V\VWHP EDVHG RQ WKH
SURSRVHG FRQWUROOHU WKH FORVHG ORRS V\VWHP UHVXOWLQJ IURP WKH













)LJXUH  %RGH GLDJUDP RI IRU
WLJDWHG %\ UHSODFLQJ  LQWR  WKH HTXLYDOHQW FORVHG ORRS
FLUFXLW LV VKRZQ LQ )LJ  ZKHUH
+HQFH WKH WUDQVIHU IXQFWLRQV IURP WKH YROWDJH WR WKH




6LQFH WKH YDOXHV RI DQG FKDQJH GXULQJ WKH LQYHUWHU
RSHUDWLRQ EXW UHPDLQ ERXQGHG LQ D JLYHQ UDQJH ERWK 
DQG  UHSUHVHQW D VHW RI WUDQVIHU IXQFWLRQV *LYHQ WKDW
VWDUWV IURP WKH LQLWLDO FRQGLWLRQ DQG FDQ UHDFK WKH
PLQLPXP YDOXH DW WKH PD[LPXP FXUUHQW WKHQ WKH ERGH
GLDJUDPV RI  DQG  DUH SURYLGHG LQ )LJ  DQG )LJ 
UHVSHFWLYHO\ IRU DQG E\
QHJOHFWLQJ  6LQFH IURP  LV UHVWULFWHG RQ WKH HOOLSVH
DQG  WKHQ
>@ ,Q WKH VDPH ¿JXUH WKH RSHQORRS WUDQVIHU IXQFWLRQV IRU
DQ /&/ ¿OWHU DUH SURYLGHG 1RWH WKDW WKH SDUDPHWHUV RI 7DEOH
, KDYH EHHQ WDNHQ LQWR DFFRXQW ,Q )LJ  LW LV REVHUYHG WKDW
FRQVLGHULQJ WKH SURSRVHG FRQWUROOHU G\QDPLFV WKH UHVRQDQFH RI
WKH /&/ ¿OWHU LV DYRLGHG +RZHYHU LQ )LJ  IRU WKH WUDQVIHU
IXQFWLRQ  RQH FDQ VHH WKDW WKH UHVRQDQFH VWLOO H[LVWV ZLWK
WKH SURSRVHG FRQWUROOHU EXW ZLWK D OLPLWHG YDOXH 1HYHUWKHOHVV
VLQFH WKH %,& LV DGRSWHG LQ WKH SURSRVHG FRQWUROOHU WKH
IUHTXHQF\ RI LV ERXQGHG EHWZHHQ +] DQG +]
+HQFH WKH RSHUDWLRQ RI WKH V\VWHP UHPDLQV DZD\ IURP WKH
UHVRQDQFH GHSLFWHG LQ KLJKHU IUHTXHQFLHV DQG VKRZV WKDW HYHU\
JULGWLHG LQYHUWHU HTXLSSHG ZLWK WKH SURSRVHG FRQWURO VWUDWHJ\
ZLOO QHYHU VXIIHU IURP UHVRQDQFH LVVXHV
9 35$&7,&$/ ,03/(0(17$7,21
,Q W\SLFDO JULGFRQQHFWHG LQYHUWHU DSSOLFDWLRQV WKH YDOXHV RI
DQG DUH RIWHQ VPDOO DQG ERWK WKH SKDVH VKLIW DQG WKH
YROWDJH GURS DFURVV WKH LQGXFWRU FDQ EH LJQRUHG UHVXOWLQJ LQ
 +HQFH WKH RXWSXW YROWDJH XVHG LQ  FDQ EH
FRQVLGHUHG DV HTXDO WR WKH JULG YROWDJH  DQG WKH SURSRVHG
FRQWUROOHU FDQ WDNH WKH IRUP

7KLV H[SUHVVLRQ LV DOVR VXLWDEOH IRU WKH LQLWLDO FRQQHFWLRQ RI WKH
LQYHUWHU ZLWK WKH JULG VLQFH DFFRUGLQJ WR WKH LQLWLDO FRQGLWLRQ
RI WKH FRQWUROOHU VWDWH  WKHQ EHIRUH WKH
FRQQHFWLRQ +HQFH D VPRRWK FRQQHFWLRQ FDQ EH DFKLHYHG $IWHU
FRQQHFWLQJ ZLWK WKH JULG WKH FRQWUROOHU FDQ EH HQDEOHG DW DQ\
WLPH ZLWK QR QHHG RI D SUHFRQQHFWLRQ V\QFKURQL]DWLRQ
)XUWKHUPRUH GLIIHUHQW RSHUDWLQJ PRGHV RI WKH LQYHUWHU FDQ
UHVXOW IURP WKH VWDWH RI WKH VZLWFKHV DQG  :KHQ
LV FORVHG WKH 4VHW PRGH LV HQDEOHG ZKLFK PHDQV WKDW WKH
7DEOH ,
6<67(0 $1' &21752//(5 3$5$0(7(56
3DUDPHWHUV 9DOXHV 3DUDPHWHUV 9DOXHV
 P+ [  UDGV










RXWSXW UHDFWLYH SRZHU FDQ EH UHJXODWHG WR LWV UHIHUHQFH YDOXH
:KHQ WKLV VZLWFK LV RSHQHG WKH 4GURRS PRGH LV HQDEOHG
DQG WKH RXWSXW UHDFWLYH SRZHU UHVXOWV IURP WKH GURRS HTXDWLRQ
DFFRUGLQJ WR WKH IUHTXHQF\ UHJXODWLRQ )RU WKH UHDO SRZHU ZKHQ
LV FORVHG WKH 3GURRS PRGH LV HQDEOHG DQG ZKHQ LW RSHQV
WKH 3VHW PRGH LV DFWLYDWHG ,Q WKLV ZD\ D VLPSOH DQG HDV\
FKDQJH RI WKH LQYHUWHU RSHUDWLQJ PRGH FDQ EH DFFRPSOLVKHG
E\ WKH SURSRVHG FRQWUROOHU
9, 6,08/$7,21 5(68/76
,Q RUGHU WR YHULI\ WKH HIIHFWLYHQHVV RI WKH SURSRVHG FRQWUROOHU
D VLQJOHSKDVH JULGFRQQHFWHG LQYHUWHU LV VLPXODWHG XQGHU ERWK
QRUPDO DQG IDXOW\ JULG FRQGLWLRQV 7KH SDUDPHWHUV RI WKH SRZHU
DQG WKH FRQWURO V\VWHPV XVHG IRU WKH VLPXODWLRQV DUH GHSLFWHG
LQ 7DEOH , 7KH VFHQDULR LV DV IROORZV 7KH LQYHUWHU LV FRQQHFWHG
WR WKH JULG DW  V ,QLWLDOO\ WKH 3VHW DQG 4VHW FRQWURO LV
HQDEOHG E\ VHWWLQJ WKH GHVLUHG YDOXHV RI WKH UHDO DQG UHDFWLYH
SRZHU ,QLWLDOO\ WKH UHDO SRZHU UHIHUHQFH LV VHW WR  : DQG
DIWHU  V FKDQJHV WR  : ZKLOH WKH UHDFWLYH SRZHU LV VHW WR 
9DU DQG DW  V FKDQJHV WR  9DU DV VKRZQ LQ )LJ D DQG )LJ
E ,W LV REVHUYHG WKDW ERWK WKH UHDO DQG WKH UHDFWLYH SRZHU DUH
UHJXODWHG WR WKHLU UHIHUHQFH YDOXHV DIWHU D VKRUW WUDQVLHQW $W 
V WKH GURRS FRQWURO IRU ERWK WKH UHDO DQG WKH UHDFWLYH SRZHU
LV HQDEOHG DQG WKH UHDO DQG UHDFWLYH SRZHU LQMHFWHG WR WKH JULG
FKDQJH DFFRUGLQJ WR WKH GURRS H[SUHVVLRQV DV VKRZQ LQ )LJ D
DQG E $W  V D YROWDJH GURS RI  SX RFFXUV DQG ODVWV IRU
 V LQ RUGHU WR LQYHVWLJDWH D JULG IDXOW 8QGHU WKLV JULG IDXOW
WKH LQMHFWHG SRZHU WR WKH JULG UHPDLQV OLPLWHG )LJ D DQG )LJ
E EHFDXVH DV VKRZQ LQ )LJ G WKH FXUUHQWOLPLWLQJ SURSHUW\
RI WKH SURSRVHG FRQWUROOHU PDLQWDLQV WKH 506 FXUUHQW XQGHU WKH
PD[LPXP YDOXH :KHQ WKH IDXOW LV VHOIFOHDUHG ERWK WKH UHDO
DQG WKH UHDFWLYH SRZHU UHWXUQ WR WKHLU RULJLQDO YDOXHV ,Q )LJ D
WKH UHVSRQVH RI WKH FRQWUROOHU VWDWH LV GHSLFWHG DQG LQ )LJ E
D FRPSDULVRQ EHWZHHQ WKH LQYHUWHU IUHTXHQF\ WKDW LV REWDLQHG
YLD WKH VHOIV\QFKURQL]DWLRQ SURFHVV RI WKH SURSRVHG FRQWUROOHU
DQG WKH JULG IUHTXHQF\ PHDVXUHG IURP D FRQYHQWLRQDO 3// LV
LOOXVWUDWHG 2QH FDQ REVHUYH WKDW WKH LQYHUWHU HTXLSSHG ZLWK WKH
SURSRVHG VHOIV\QFKURQL]HG &/' UHPDLQV V\QFKURQL]HG ZLWK
WKH JULG DW DOO WLPHV DQG WKDW WKH LQYHUWHU IUHTXHQF\ VWD\V DOZD\V
LQVLGH WKH GHVLUHG UDQJH > +]  +]@ HYHQ GXULQJ IDXOWV
LQ WKH JULG YROWDJH ,W VKRXOG EH QRWHG WKDW WKH FRQYHQWLRQDO





























F 506 RXWSXW YROWDJH








G 506 LQYHUWHU FXUUHQW
)LJXUH  6LPXODWLRQV UHVXOWV RI D JULGWLHG LQYHUWHU RSHUDWLQJ XQGHU WKH
SURSRVHG VHOIV\QFKURQL]HG &/' FRQWUROOHU
3// LV XVHG RQO\ IRU FRPSDULVRQ SXUSRVHV DQG LV QRW SDUW RI
WKH SURSRVHG FRQWUROOHU
9,, &21&/86,216
$ QRYHO GURRS FRQWUROOHU ZLWKRXW D 3// ZKLFK LQWURGXFHV
YLUWXDO LQHUWLD DQG FXUUHQWOLPLWLQJ SURSHUWLHV IRU JULGWLHG
LQYHUWHUV ZDV SUHVHQWHG LQ WKLV SDSHU ,W ZDV DQDO\WLFDOO\ SURYHQ
WKDW WKH PD[LPXP FDSDELOLW\ RI WKH LQYHUWHU FDQ EH XWLOL]HG
GXULQJ IDXOWV LH GXULQJ D VXGGHQ JULG YROWDJH GLS DQG DW
WKH VDPH WLPH WKH SURSRVHG FRQWUROOHU PDLQWDLQV WKH FXUUHQW


















E ,QYHUWHU IUHTXHQF\ DQG JULG IUHTXHQF\
)LJXUH  7LPH UHVSRQVH RI WKH SURSRVHG VHOIV\QFKURQL]HG &/' G\QDPLFV
XQGHU D JLYHQ PD[LPXP YDOXH ([WHQVLYH VLPXODWLRQ UHVXOWV
ZHUH SUHVHQWHG WR YHULI\ WKH SURSRVHG FRQWURO DSSURDFK
$&.12:/('*0(17
7KLV ZRUN ZDV VXSSRUWHG E\ WKH *UDQWKDP &HQWUH IRU
6XVWDLQDEOH )XWXUHV
5()(5(1&(6
>@ 0 + %ROOHQ DQG ) +DVVDQ ,QWHJUDWLRQ RI 'LVWULEXWHG *HQHUDWLRQ LQ
WKH 3RZHU 6\VWHP :LOH\ 
>@ ' ( 2OLYDUHV $ 0HKUL]L6DQL $ + (WHPDGL & $ &DQL]DUHV
5 ,UDYDQL 0 .D]HUDQL $ + +DMLPLUDJKD 2 *RPLV%HOOPXQW
0 6DHHGLIDUG 5 3DOPD%HKQNH * $ -LPHQH](VWHYH] DQG 1 '
+DW]LDUJ\ULRX ³7UHQGV LQ PLFURJULG FRQWURO´ ,((( 7UDQVDFWLRQV RQ
6PDUW *ULG YRO  QR  SS ± -XO\ 
>@ 0 &KDQGRUNDU ' 'LYDQ DQG 5 $GDSD ³&RQWURO RI SDUDOOHO FRQQHFWHG
LQYHUWHUV LQ VWDQGDORQH DF VXSSO\ V\VWHPV´ ,((( 7UDQVDFWLRQV RQ ,QGXV
WU\ $SSOLFDWLRQV YRO  QR  SS ± -DQ 
>@ * 'LD] & *RQ]DOH]0RUDQ - *RPH]$OHL[DQGUH DQG $ 'LH]
³6FKHGXOLQJ RI GURRS FRHI¿FLHQWV IRU IUHTXHQF\ DQG YROWDJH UHJXODWLRQ
LQ LVRODWHG PLFURJULGV´ ,((( 7UDQVDFWLRQV RQ 3RZHU 6\VWHPV YRO 
QR  SS ± )HE 
>@ - /LX < 0LXUD DQG 7 ,VH ³&RPSDULVRQ RI G\QDPLF FKDUDFWHULVWLFV
EHWZHHQ YLUWXDO V\QFKURQRXV JHQHUDWRU DQG GURRS FRQWURO LQ LQYHUWHU
EDVHG GLVWULEXWHG JHQHUDWRUV´ ,((( 7UDQV 3RZHU (OHFWURQ YRO 
QR  SS ± 
>@ ; +RX + +DQ & =KRQJ : <XDQ 0 <L DQG < &KHQ ³,PSURYHPHQW
RI WUDQVLHQW VWDELOLW\ LQ LQYHUWHUEDVHG DF PLFURJULG YLD DGDSWLYH YLUWXDO
LQHUWLD´ LQ  ,((( (QHUJ\ &RQYHUVLRQ &RQJUHVV DQG ([SRVLWLRQ
(&&( 6HSW  SS ±
>@ - 'ULHVHQ DQG . 9LVVFKHU ³9LUWXDO V\QFKURQRXV JHQHUDWRUV´ LQ 
,((( 3RZHU DQG (QHUJ\ 6RFLHW\ *HQHUDO 0HHWLQJ  &RQYHUVLRQ DQG
'HOLYHU\ RI (OHFWULFDO (QHUJ\ LQ WKH VW &HQWXU\ -XO\  SS ±
>@ 9 .DUDSDQRV 6 GH +DDQ DQG . =ZHWVORRW ³5HDO WLPH VLPXODWLRQ RI
D SRZHU V\VWHP ZLWK YVJ KDUGZDUH LQ WKH ORRS´ LQ ,(&21   WK
$QQXDO &RQIHUHQFH RI WKH ,((( ,QGXVWULDO (OHFWURQLFV 6RFLHW\ 1RY 
SS ±
>@ - $ 0DUWLQH] DQG - 0DUWLQ$UQHGR ³,PSDFW RI GLVWULEXWHG JHQHUDWLRQ
RQ GLVWULEXWLRQ SURWHFWLRQ DQG SRZHU TXDOLW\´ LQ  ,((( 3RZHU
(QHUJ\ 6RFLHW\ *HQHUDO 0HHWLQJ -XO\  SS ±
>@ 4& =KRQJ DQG 7 +RUQLN 6\QFKURQYHUWHUV *ULG)ULHQGO\ ,QYHUWHUV
7KDW 0LPLF 6\QFKURQRXV *HQHUDWRUV :LOH\,((( 3UHVV  SS
±
>@ - /LX < 0LXUD DQG 7 ,VH ³&RPSDULVRQ RI G\QDPLF FKDUDFWHULVWLFV
EHWZHHQ YLUWXDO V\QFKURQRXV JHQHUDWRU DQG GURRS FRQWURO LQ LQYHUWHU
EDVHG GLVWULEXWHG JHQHUDWRUV´ ,((( 7UDQVDFWLRQV RQ 3RZHU (OHFWURQLFV
YRO  QR  SS ± 0D\ 
>@ 4& =KRQJ DQG ' %RUR\HYLFK ³$ GURRS FRQWUROOHU LV LQWULQVLFDOO\ D
SKDVHORFNHG ORRS´ LQ 3URF RI WKH WK $QQXDO &RQIHUHQFH RI WKH ,(((
,QGXVWULDO (OHFWURQLFV 6RFLHW\ ,(&21  9LHQQD $XVWULD 1RY 
SS ±
>@ 7 <RXQLV 0 ,VPHLO ( . +XVVDLQ DQG 0 2UDEL ³6LQJOHSKDVH
VHOIV\QFKURQL]HG V\QFKURQYHUWHU ZLWK FXUUHQWOLPLWLQJ FDSDELOLW\´ LQ
 (LJKWHHQWK ,QWHUQDWLRQDO 0LGGOH (DVW 3RZHU 6\VWHPV &RQIHUHQFH
0(3&21 'HF  SS ±
>@ 0 $VKDEDQL ) ' )UHLMHGR 6 *ROHVWDQ DQG - 0 *XHUUHUR ³,QGXFYHUW
HUV 3OOOHVV FRQYHUWHUV ZLWK DXWRV\QFKURQL]DWLRQ DQG HPXODWHG LQHUWLD
FDSDELOLW\´ ,((( 7UDQVDFWLRQV RQ 6PDUW *ULG YRO  QR  SS ±
 0D\ 
>@ * & .RQVWDQWRSRXORV 4& =KRQJ DQG :/ 0LQJ ³3//OHVV
QRQOLQHDU FXUUHQWOLPLWLQJ FRQWUROOHU IRU VLQJOHSKDVH JULGWLHG LQYHUWHUV
'HVLJQ VWDELOLW\ DQDO\VLV DQG RSHUDWLRQ XQGHU JULG IDXOWV´ ,((( 7UDQV
,QG (OHFWURQ YRO  QR  SS ± 6HSW 
>@ 6 0R % 3HQJ = 6KXDL - :DQJ & 7X = - 6KHQ DQG : +XDQJ ³$
QHZ VHOIV\QFKURQL]DWLRQ FRQWURO VWUDWHJ\ IRU JULG LQWHUIDFH LQYHUWHUV ZLWK
ORFDO ORDGV´ LQ  ,((( (QHUJ\ &RQYHUVLRQ &RQJUHVV DQG ([SRVLWLRQ
(&&( 6HSW  SS ±
>@ 7 0LGWVXQG - $ 6XXO DQG 7 8QGHODQG ³(YDOXDWLRQ RI FXUUHQW
FRQWUROOHU SHUIRUPDQFH DQG VWDELOLW\ IRU YROWDJH VRXUFH FRQYHUWHUV FRQ
QHFWHG WR D ZHDN JULG´ LQ 7KH QG ,QWHUQDWLRQDO 6\PSRVLXP RQ 3RZHU
(OHFWURQLFV IRU 'LVWULEXWHG *HQHUDWLRQ 6\VWHPV -XQH  SS ±
>@ 4 & =KRQJ 3 / 1JX\HQ = 0D DQG : 6KHQJ ³6HOIV\QFKURQL]HG
V\QFKURQYHUWHUV ,QYHUWHUV ZLWKRXW D GHGLFDWHG V\QFKURQL]DWLRQ XQLW´
,((( 7UDQVDFWLRQV RQ 3RZHU (OHFWURQLFV YRO  QR  SS ±
)HE 
>@ 1 %RWWUHOO DQG 7 & *UHHQ ³&RPSDULVRQ RI FXUUHQWOLPLWLQJ VWUDWHJLHV
GXULQJ IDXOW ULGHWKURXJK RI LQYHUWHUV WR SUHYHQW ODWFKXS DQG ZLQGXS´
,((( 7UDQVDFWLRQV RQ 3RZHU (OHFWURQLFV YRO  QR  SS ±
-XO\ 
>@ $ ' 3DTXHWWH DQG ' 0 'LYDQ ³9LUWXDO LPSHGDQFH FXUUHQW OLPLWLQJ
IRU LQYHUWHUV LQ PLFURJULGV ZLWK V\QFKURQRXV JHQHUDWRUV´ ,((( 7UDQV
,QG $SSO YRO  QR  SS ± 
>@ 4 & =KRQJ DQG * & .RQVWDQWRSRXORV ³&XUUHQWOLPLWLQJ GURRS FRQWURO
RI JULGFRQQHFWHG LQYHUWHUV´ ,((( 7UDQVDFWLRQV RQ ,QGXVWULDO (OHFWURQ
LFV YRO  QR  SS ± -XO\ 
>@ * & .RQVWDQWRSRXORV 4 & =KRQJ % 5HQ DQG 0 .UVWLF ³%RXQGHG
LQWHJUDO FRQWURO RI LQSXWWRVWDWH SUDFWLFDOO\ VWDEOH QRQOLQHDU V\VWHPV
WR JXDUDQWHH FORVHGORRS VWDELOLW\´ ,((( 7UDQVDFWLRQV RQ $XWRPDWLF
&RQWURO YRO  QR  SS ± 'HF 
>@ ; +RX < 6XQ : <XDQ + +DQ & =KRQJ DQG - 0 *XHUUHUR
³&RQYHQWLRQDO SRPHJDTY GURRS FRQWURO LQ KLJKO\ UHVLVWLYH OLQH RI ORZ
YROWDJH FRYHUWHUEDVHG DF PLFURJULG´ (QHUJLHV YRO  QR  

>@ : ) G 6RX]D 0 $ 6HYHUR0HQGHV DQG / $ & /RSHV ³3RZHU
VKDULQJ FRQWURO VWUDWHJLHV IRU D WKUHHSKDVH PLFURJULG LQ GLIIHUHQW RSHU
DWLQJ FRQGLWLRQ ZLWK GURRS FRQWURO DQG GDPSLQJ IDFWRU LQYHVWLJDWLRQ´
,(7 5HQHZDEOH 3RZHU *HQHUDWLRQ YRO  QR  SS ± 
>@ 4 & =KRQJ DQG < =HQJ ³8QLYHUVDO GURRS FRQWURO RI LQYHUWHUV ZLWK
GLIIHUHQW W\SHV RI RXWSXW LPSHGDQFH´ ,((( $FFHVV YRO  SS ±

>@ 6 $UFXUL 0 /LVHUUH ' 5LFFKLXWR 7 .HUHNHV DQG ) %ODDEMHUJ ³6WD
ELOLW\ DQDO\VLV RI JULG LQYHUWHU OFO¿OWHU UHVRQDQFH LQ ZLQG RU SKRWRYROWDLF
SDUNV´ LQ ,(&21   WK $QQXDO &RQIHUHQFH RI WKH ,((( ,QGXVWULDO
(OHFWURQLFV 6RFLHW\ 1RY  SS ±
